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(54) Pulse-wave propagation information obtaining apparatus 



(57) An apparatus for obtaining an information relat- 
ing to a propagation velocity of a pulse wave which 
propagates through an artery of a living subject, includ- 
ing: a first signal detecting device (16) which is adapted 
to be worn on a first portion of the subject and which 
detects a first signal generated from the first portion in 
synchronism with a heart beat of the subject; a pulse- 
wave detecting device (99) which is adapted to be worn 
on a second portion of the subject and which detects, as 
a second signal, a notch of the pulse wave generated 
from the second portion in synchronism with the heart 
beat of the subject; a pressing device (62) which is 
adapted to be worn on a third portion of the subject to 



press the third portion, the third portion being on a 
downstream side relative to the second portion of the 
subject with respect to the artery and being in proximity 
to the second portion; and pulse-wave propagation time 
determining means (128) for determining, as the infor- 
mation, a time difference between a time when the first 
signal is detected by the first signal detecting device and 
a time when the notch of the pulse wave is detected by 
the pulse-wave detecting device in a state in which the 
third portion of the subject is pressed by the pressing 
device. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an appara- 
tus for obtaining an information relating to a propagation 
velocity of a pulse wave which propagates through an 
artery of a living subject, for example, a pulse-wave 
propagation time or a pulse-wave propagation velocity. 

Related Art Statement 

[0002] There have been proposed various pulse- 
wave propagation information obtaining apparatuses for 
obtaining an information relating to a propagation veloc- 
ity of a pulse wave which propagates through an artery 
of a living subject. The pulse-wave propagation informa- 
tion is used for estimating a blood pressure, a degree of 
an arterial sclerosis, or a peripheral resistance of the 
subject, or the like. 

[0003] The pulse-wave propagation information 
includes a pulse-wave propagation velocity and/or a 
pulse-wave propagation time. Since the pulse-wave 
propagation velocity is determined by dividing a propa- 
gation path (distance) through which the pulse wave 
propagates by the pufse-wave propagation time, it is 
needed to determine the pulse-wave propagation time. 
The pulse-wave propagation time is determined as fol- 
lows: First, a first and a second signaJ detecting device 
are worn on a first and a second portion of the subject, 
respectively, and detect a first signal produced in syn- 
chronism with a heart beat of the subject and a second 
signal produced in synchronism with the heart beat of 
the subject, respectively. Then, a time difference 
between a time when the first signal is detected and a 
time when the second signal is detected is determined. 
The time difference is defined to as the pulse-wave 
propagation time. 

[0004] For example, a phonocardiographic trans- 
ducer worn on a chest of the subject is employed as the 
first signal detecting device,^and a second heart sound 
II detected by the phonocardiographic transducer is 
employed as the first signal. A carotid pulse sensor 
worn on a cervix of the subject is employed as the sec- 
ond signal detecting device, and a notch of a carotid 
pulse wave detected in synchronism with the detected 
second heart II by the carotid pulse sensor is employed 
as the second signal. The notch of the carotid pulse 
wave is defined as a point at which the amplitude of the 
carotid pulse wave (i.e., the intensity of the second sig- 
nal) starts increasing after decreasing from the maxi- 
mum amplitude of the carotid pulse wave. A time 
difference between a time when the second heart sound 
II is detected and a time when the notch of the carotid 
pulse wave is detected is determined as the pulse-wave 
propagation time. It is generally understood that the 



pulse-wave propagation time determined based on the 
second heart sound II and the notch of the carotid pulse 
wave is suitable for evaluating a pulse-wave propaga- 
tion time of a central portion of the subject. The carotid 

5 pulse sensor for detecting the carotid pulse wave is dis- 
closed in Laid-Open Publication No. 10-146322 of unex- 
amined Japanese Patent Application. 
[0005] However, it needs a great skill to wear the 
carotid pulse sensor on an appropriate portion of the 

w cervix of the subject. If the carotid pulse sensor is not 
worn on the appropriate portion of the cervix of the sub- 
ject, an accurate carotid pulse wave may not be 
detected, so that an incorrect notch of the carotid pulse 
wave may be detected. Therefore, an accurate pulse- 

.15 wave propagation time may not be determined. 

[0006] Moreover, in the case where a pulse-wave 
detecting device worn on a different portion of the sub- 
ject than the cervix is employed in place of the carotid 
pulse sensor, a notch of the detected pulse wave may 

20 be employed as the second signal. However, if the notch 
of the pulse wave is obscure, a time when the notch is 
detected can not be determined accurately. Therefore, 
an accurate pulse-wave propagation time can not be 
determined. 

25 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present inven- 
tion to provide a pulse-wave propagation information 
30 obtaining apparatus which can obtain an accurate infor- 
mation relating to a propagation velocity of a pulse wave 
which propagates through an artery of a living subject. 
[0008] The above object has been achieved by the 
present invention, which provides an apparatus for 
35 obtaining an information relating to a propagation veloc- 
ity of a pulse wave which propagates through an artery 
of a living subject, comprising: (a) a first signal detecting 
device which is adapted to be worn on a first portion of 
the subject and which detects a first signal generated 
40 from the first portion in synchronism with a heart beat of 
the subject; (b) a pulse-wave detecting device which is 
adapted to be worn on a second portion of the subject 
and which detects, as a second signal, a notch of the 
pulse wave generated from the second portion in syn- 
45 chronism with the heart beat of the subject; (c) a press- 
ing device which is adapted to be worn on a third portion 
of the subject to press the third portion, the third portion 
being on a downstream side relative to the second por- 
tion of the subject with respect to the artery and being in 
so proximity to the second portion; and (d) pulse-wave 
propagation time determining means for determining, 
as the information, a time difference between a time 
when the first signal is detected by the first signal 
detecting device and a time when the notch of the pulse 
55 wave is detected by the pulse- wave detecting device in 
a state in which the third portion of the subject is 
pressed by the pressing device. 
[0009] In the apparatus in accordance with the 
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present invention, the pulse-wave propagation time 
determining means determines, as a pulse-wave propa- 
gation time, the time difference between the time when 
the first signal is detected by the first signal detecting 
device and the time when the notch of the pulse wave is 
detected by the pulse-wave detecting device in the state 
in which an artery of the subject under the pressing 
device is pressed by the pressing device. The pulse- 
wave detecting device is worn on the portion of the sub- 
ject being on an upstream side relative to the pressing 
device with respect to the artery and being in proximity 
to the pressing device. In the state in which the artery is 
pressed by the pressing device, a notch of the pulse 
wave can be clearly detected by the pulse -wave detect- 
ing device located upstream of, and near to, the press- 
ing device. Therefore, the time when the notch of the 
pulse wave is detected is accurately determined. Thus, 
the apparatus according to the present invention can 
accurately determine a pulse-wave propagation time 
based on the accurate time when the notch of the pulse 
wave is detected. 

[0010] According to a preferred feature of the 
present invention, the pulse-wave detecting device 
comprises a brachial pulse-wave detecting device 
which is adapted to be worn on an upper arm of the sub- 
ject and which detects a notch of a brachial pulse wave 
of the subject, and the pressing device comprises a first 
rubber bag which is adapted to be worn on the upper 
arm of the subject for determining a blood pressure of 
the subject, the apparatus further comprising: a pres- 
sure control device which changes a pressing pressure 
of the first rubber bag; and a blood pressure determin- 
ing device which determines the blood pressure of the 
subject, based on signals successively detected while 
the pressing pressure of the first rubber bag is changed 
by the pressure control device. In this case, the pulse- 
wave propagation information obtaining apparatus can 
determine the blood pressure of the subject in addition 
to the information relating to the propagation velocity of 
the pulse wave. 

[0011] According to another feature of the present 
invention, the brachial pulse-wave detecting device 
comprises a second rubber bag for detecting the bra- 
chial pulse wave of the subject, the second rubber bag 
is adapted to be worn on an upstream side relative to a 
portion of the upper arm on which the first rubber bag is 
worn, and the apparatus further comprises an outer bag 
in which the first and second rubber bags are accommo- 
dated in a state in which the first and second rubber 
bags are spaced from each other. Thus, since only the 
outer bag and the first signal detecting device are worn 
on the respective portions of the subject the present 
apparatus can easily obtain the information relating to 
the propagation velocity of the pulse wave. 
[0012] According to another feature of the present 
invention, the pulse-wave propagation time determining 
means determines the time difference between the time 
when the first signal is detected and the time when the 



notch of the brachial pulse wave is detected by the bra- 
chial pulse- wave detecting device in the state in which 
the upper arm is pressed by the first rubber bag with a 
pressing pressure greater than a reference value which 

5 is greater than a systolic blood pressure of the subject, 
and the blood pressure determining device determines, 
after detection of the first signal and the notch of the 
brachial pulse wave, the blood pressure of the subject, 
based on the signals successively detected while the 

70 pressing pressure of the first rubber bag is decreased 
by the pressure control device. In the apparatus, in a 
state in which the pressing pressure of the first rubber 
bag is increased to a value not lower than the reference 
value for determining the blood pressure of the subject, 

75 the first signal and the notch of the brachial pulse wave 
are detected. Thus, the present apparatus can obtain 
the blood pressure of the subject and the pulse-wave 
propagation time at one time. 

[0013] According to another feature of the present 

20 invention, the pulse-wave propagation time determining 
means determines the time difference between the time 
when the first signal is detected and the time when the 
notch of the pulse wave is detected in the state in which 
the third portion is pressed by the pressing device with 

25 a pressing pressure greater than a systolic blood pres- 
sure of the subject. Thus, the pulse- wave propagation 
time determining means determines the time difference 
between the time when the first signal is detected and 
the time when the notch of the pulse wave is detected in 

30 a state in which a blood flow in the artery under the 
pressing device is completely stopped on the down- 
stream side relative to the pulse-wave detecting device 
with respect to the artery. In the state in which the blood 
flow in the artery on the downstream side relative to the 

35 pulse-wave detecting device is completely stopped, the 
amplitude of the pulse wave detected by the pulse-wave 
detecting device significantly increases, so that the 
notch of the detected pulse wave can be clearly 
detected. Thus, the time when the notch of the pulse 

40 wave is detected is accurately determined, whereby the 
pulse-wave propagation time can be accurately deter- 
mined. 

[0014] According to another feature of the present 
invention, the first signal detecting device comprises a 
45 phonocardiography transducer which detects, as the 
first signal, one of a first and a second heart sound of 
the subject. 

[0015] According to another feature of the present 
invention, the phonocardiographic transducer has a 
so switch which is manually operable for starting the appa- 
ratus. 

[0016] According to another feature of the present 
invention, the apparatus further comprises a pulse- 
wave propagation velocity determining means for deter- 
55 mining the propagation velocity of the pulse wave, by 
dividing a distance between a heart of the subject and 
the second portion of the subject by the time difference 
determined by the pulse-wave propagation time deter- 
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mining means. 

[0017] According to another feature of the present 
invention, the apparatus further comprises an input 
device which is operable for inputting a stature of the 
subject, and the pulse-wave propagation velocity deter- 5 
mining means comprises means for determining the 
distance between the heart of the subject and the sec- 
ond portion of the subject, based on the stature of the 
subject input through the input device, according to a 
predetermined relationship between distance and stat- w 
ure, and means for determining the propagation velocity 
of the pulse wave by dividing the determined distance 
by the time difference determined by the pulse -wave 
propagation time determining means. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and optional objects, features 
and advantages of the present invention will be better 
understood by reading the following detailed description 20 
of the preferred embodiment of the invention when con- 
sidered in conjunction with the accompanying drawings, 
in which: 

Fig. 1 is a perspective view of a pulse-wave propa- 25 
gation information obtaining apparatus including an 
automatic blood-pressure measurement function to 
which the present invention is applied; 
Fig. 2 is a cross sectional view of a cuff provided in 
a main body of the apparatus of Fig. 1 , taken along 30 
a vertical plane parallel to a widthwise direction of 
the cuff; 

Fig. 3 is a block diagram for illustrating a circuit sys- 
tem of the apparatus of Fig. 1 ; 

Fig. 4 is a block diagram for illustrating essential 35 
functions of an arithmetic control circuit of the appa- 
ratus of Fig. 1 . 

Figs. 5 A, 5B, 5C, and 5 D are views showing respec- 
tive waveforms of a brachial pulse wave detected 
when a first target value P 1M of a first rubber bag is 40 
set at 0 mmHg, 60 mmHg, 170 mmHg, and 230 
mmHg, respectively. 

Fig. 6 is a view to show a time difference, DT, deter- 
mined by a pulse-wave propagation time determin- 
ing means of Fig. 4; and 45 
Fig. 7 is a flow chart representing an essential oper- 
ation of the control circuit of the apparatus of Fig. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 50 

[0019] Hereinafter, there will be described a pulse- 
wave propagation information (PWPI) obtaining appara- 
tus 1 0 to which the present invention is applied, by ref- 
erence to the drawings. 55 
[0020] Fig. 1 is a perspective view of the PWPI 
obtaining apparatus 10 including an automatic blood- 
pressure measurement function. As shown in Fig. 1, the 



PWPI obtaining apparatus 10 includes a main body 12, 
an input device 14 which is connected to the main body 
12, and a phonocardiography transducer 16 as a first 
signal detecting device. The phonocardiographic trans- 
ducer 16 is supported by, for example, a left hand of a 
living subject such that the transducer 1 6 is worn on the 
chest of the subject and directed toward the heart of the 
subject. 

[0021] The main body 12 of the apparatus 10 
includes a housing 18 which includes a cylindrical arm 
receiver 22 into which an arm 20 of the subject is 
inserted, an operation panel 28, and a display panel 36. 
A flexible outer belt 26 having a relatively high rigidity is 
attached to an inner surface of the cylindrical arm 
receiver 22. The outer belt 26 has a cuff 24 on its inner 
surface which faces the inserted arm 20. In the opera- 
tion panel 28, a start switch 30, a stop switch 32, and a 
printer 34, etc., are provided. In the display panel 36, a 
systolic blood-pressure (BP) display device 38, a diasto- 
lic blood-pressure (BP) display device 40, a pulse-wave 
propagation velocity (PWV) display device 42, a heart 
rate display device 44, and a time display device 46 are 
provided.. 

[0022] The input device 14 includes numeral keys 
48 for inputting a stature and a weight of the subject, 
etc., a stature display device 50 for displaying the input 
stature, and a weight display device 52 for displaying 
the input weight. The phonocardiographic transducer 1 6 
may be a known one, for example, an air-conduction- 
type one. The phonocardiographic transducer 16 is 
worn on the skin of chest of the subject with one of the 
left and right hands of the subject which is not inserted 
into the arm receiver 22, an adhesive tape, or the like. 
The phonocardiographic transducer 16 has a^ start 
switch 53 which is manually operable by the one hand of 
the subject, for starting the operation of the apparatus 
10.. 

[0023] Fig. 2 is a cross sectional view of the cuff 24, 
taken along a vertical plane parallel to a widthwise 
direction of the cuff 24. The cuff 24 is used for pressing 
a brachial artery in an upper arm 60 of the subject. As 
shown in Fig. 2, an outer bag 56 is attached to the inner 
surface of the outer belt 26. The outer bag 56 is formed 
of a cloth or a soft resin sheet. In the outer bag 56, a 
flexible inner belt 58 having a relatively high rigidity is 
provided. The outer bag 56 is biased by an elastic 
restoring force of the inner belt 58 in a direction in which 
the radius of the outer bag 56 increases. In addition, a 
first rubber bag 62 and a second rubber bag 64 are fixed 
to an inner surface of the inner belt 58 such that the sec- 
ond rubber bag 64 is spaced, by a small distance (e.g., 
about 1 cm), from the first rubber bag 62, on an 
upstream side relative to the first rubber bag 62 with 
respect to the brachial artery of the subject. The first 
rubber bag 62 has a first width (e.g., about. 1 3 cm) suit- 
able for pressing the brachial artery in the upper arm 60 
to determine a blood pressure of the subject The sec- 
ond rubber bag 64 is used for pressing the brachial 
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artery in the upper arm 60 on the upstream side relative 
to the first rubber bag 62, and has a second width (e.g., 
about 3 cm) smaller than the first width of the first rubber 
bag 62. In the present embodiment, the first rubber bag 
62 functions as a pressing device used when the blood 
pressure of the subject is determined. The first and sec- 
ond rubber bags 62, 64 are fixed to the inner surface of 
the inner belt 58, in the state in which the two bags 62, 
64 are spaced from each other. 

[0024] Fig. 3 is a block diagram tor-illustrating a cir- 
cuit system of the PWPI obtaining apparatus 10. In the 
figure, the first rubber bag 62 is connected to a first 
pressure sensor 66 and a first selector valve 68 via a 
piping 70. The second rubber bag 64 is connected to a 
second pressure sensor 72 and a second selector valve 
74 via a piping 76. The first and second selector valves 
68, 74 are connected to an air pump 80 via a piping 78. 
The firs selector valve 68 is selectively placed in an 
inflation position in which the first selector valve 68 per- 
mits a pressurized air to be supplied from the air pump 
80 to the first rubber bag 62, a slow -deflation position in 
which the valve 68 permits the pressurized air to be 
slowly discharged from the bag 62, a quick-deflation 
position in which the valve 68 permits the pressurized 
air to be quickly discharged from the bag 62, and a pres- 
sure-hold position in which the vaive 68 holds the pres- 
sure in the bag 62. Thus, the first selector valve 68, the 
piping 78 and the air pump 80 cooperate with each 
other to provide a pressure control device 82 which 
changes a pressing pressure of the first rubber bag 62. 
On the other hand, the second selector valve 74 is 
selectively placed in an inflation position in which the 
second selector valve 74 permits a pressurized air to be 
supplied to be supplied to the second rubber bag 64, a 
deflation position in which the valve 74 permits the pres- 
surized air to be discharged from the bag 64, and a 
pressure-hold position in which the valve 68 holds the 
pressure in the bag 64. 

[0025] The outer belt 26 supporting, on its inner 
surface, the cuff 24 which includes the first and second 
rubber bags 62, 64, is tighten by a drum 86 to which one 
end of the outer belt 26 is fixed and which is driven by a 
direct current (DC) motor 84 with reduction gears. The 
other end of the outer belt 26 is fixed to the housing 18. 
The first pressure sensor 66 detects an air pressure in 
the first rubber bag 62 and outputs an output signal SP] 
representative of the detected pressure of the first rub- 
ber bag 62. The output signal SP-j is supplied to a first 
band-pass filter 88 and a first low-pass filter 94. The first 
band-pass filter 88 extracts, from the output signal SP 1( 
a first pulse-wave signal SM 1 representative of a pres- 
sure signal generated from the first rubber bag 62 in 
synchronism with a pulse of the subject. The first low- 
pass filter 94 extracts, from the output signal SP 1t a first 
rubber-bag pressure signal SK^ representative of a 
static pressure of the first rubber bag 62. The first pulse- 
wave signal SM 1 and the first rubber-bag pressure sig- 
nal SK t are supplied to an arithmetic control circuit 90 



via an analog-to-digital (A/D) converter 92. 
[0026] On the other hand, the second pressure sen- 
sor 72 detects an air pressure in the second rubber bag 
64 and outputs an output signal SP 2 representative of 

5 the detected pressure of the second rubber bag 64. The 
output signal SP 2 is supplied to a second band-pass fil- 
ter 96 and a second low-pass filter 98. The second 
band-pass filter 96 extracts, from the output signal SP 2 , 
a second pulse-wave signal (i.e., brachial pulse-wave 

w signal) SM 2 representative of a pressure signal gener- 
ated from the second rubber bag 64 in synchronism with 
a pulse of the brachial artery of the subject. The second 
low-pass filter 98 extracts, from the output signal, SP 2 , 
a second rubber-bag pressure signal SK 2 representa- 

15 tive of a static pressure of the second rubber bag 64. 
The second pulse-wave signal SM 2 and the second rub- 
ber-bag pressure signal SK 2 are supplied to the arith- 
metic control circuit 90 via the A/D converter 92. In the 
present embodiment, the second rubber bag 64, the 

20 second pressure sensor 72 and the second low-pass fil- 
ter 98 cooperate with each other to provide a brachial 
pulse-wave detecting device 99. 

[0027] The arithmetic control circuit 90 is provided 
by a microcomputer including a central processing unit 

25 (CPU) 100, a read only memory (ROM) 102, a random 
access memory (RAM) 104 , an input interface circuit 
106, and an output interface circuit 108. The CPU 100 
processes input signals according to control programs 
pre-stored in the ROM 1 02 by utilizing a temporary-stor- 

30 age function of the RAM 104, and outputs drive signals, 
display signals, and the like. More specifically, the CPU 
100 determines blood pressure values BP and a pulse- 
wave propagation velocity PWV of the subject, based 
on a heart-sound signal SH supplied from the phono- 

35 cardiography transducer 1 6, the first pulse-wave signal 
SM-, supplied from the first band-pass filter 88, the first 
rubber-bag pressure signal SK^ supplied from the first 
low-pass filter 94, the second pulse-wave signal SM 2 
supplied from the second band-pass filter 96, and the 

40 second rubber-bag pressure signal SK 2 supplied from 
the second low-pass filter 96, while the DC motor 84, 
the air pump 80, and the first and second selector 
valves 68, 74 are controlled according to the pre-stored 
programs. Then, the CPU 100 supplies the respective 

45 display signals to the systolic BP display device 38, the 
diastolic BP display device 40, and the PWV display 
device 42 so that the determined blood pressure values 
BP and pulse-wave propagation velocity PWV are 
respectively displayed. In addition, the determined BP 

so and PWV are stored in a relevant portion of a storage 
device 110. The storage device 110 is provided by a 
known memory such as a magnetic disk, a magnetic 
tape, a volatile semi-conductor memory, a nonvolatile 
semi-conductor memory, or the like. 

55 [0028] Fig. 4 is a block diagram for illustrating 
essential functions of the arithmetic control circuit 90 of 
the PWPI obtaining apparatus 10. In Fig. 4, a first rub- 
ber-bag pressure control means 120 controls the first 
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selector valve 68 and the air pump 80 to control a press- 
ing pressure of the first rubber bag 62. A second rubber- 
bag pressure control means 122 controls the second 
selector valve 74 to control a pressing pressure of the 
second rubber bag 64. 

[0029] A biood-pressure (BP) determining device 
124 includes a pulse-wave detecting device 126 which 
detects a pulse wave of the subject for determining a 
pulse-wave propagation time DT. The pulse-wave 
detecting device 126 monitors a first rubber-bag pres- 
sure P 1 of the first rubber bag 62, based on the first rub- 
ber-bag pressure signal SK n supplied from the first low- 
pass filter 94. The first rubber-bag pressure is quickly 
increased, by the first rubber-bag pressure control 
means 120, to a first target value P 1M (e.g., about 180 
mmHg) sufficiently greater than a systolic blood pres- 
sure value BP SY s (e-9-. about 120 mmHg) of the sub- 
ject, and is held at the first target value P 1M . 
Concurrently, the pulse-wave detecting device 126 
monitors a second rubber-bag pressure P 2 of the sec- 
ond rubber bag 64, based on the second rubber-bag 
pressure signal SK 2 supplied from the second low-pass 
filter 98. The second rubber-bag pressure P 2 is quickly 
increased, by the second rubber-bag pressure control 
means 1 22, to a second target value P 2M (e.g. ( about 50 
to 60 mmHg) lower than a mean blood pressure value 
BP MEAN of the subject, and is held at the second target 
value P 2 m- ' n tnis state, a rising point of the second 
heart sound II (as the first signal) is detected by the pho- 
nocardiography transducer 1 6, and a notch (as the sec- 
ond signal) of the brachial pulse wave generated in 
synchronism with the detected second heart sound II is 
detected by the second pressure sensor 72. After the 
detection of the second heart sound II and the notch of 
the brachial pulse wave, the second rubber-bag pres- 
sure control means 122 discharges the pressurized air 
from the second rubber bag 64. 

[0030] Further, the BP determining device 124 
determines a systolic blood pressure value BP SY s and 
a diastolic blood pressure value BP D | A , according to a 
well known oscillometric method, based on the variation 
of respective amplitudes of pulses of the pulse wave 
represented by the first pulse-wave signal SfsA^ obtained 
while the first rubber-bag pressure P-, is slowly 
decreased from the first target value P 1M , at a rate of 
about 3 mmHg/sec, by the first rubber-bag pressure 
control means 120. The systolic and diastolic BP dis- 
play devices 38, 40 display the determined systolic and 
diastolic blood pressure values BPs Y s» BPqia. respec- 
tively. 

[0031] Here, the first target value P 1M employed by 
the pulse wave detecting device 126 is explained. Figs. 
5A, 5B, 5C, and 5D show respective waveforms of the 
brachial pulse wave (second pulse wave signal SM 2 ) 
detected by the second pressure sensor 72 and the 
second low-pass filter 98 when the first target value P 1M 
is set at 0 mmHg, 60 mmHg, 170 mmHg, and 230 
mmHg, respectively. As shown in Figs. 5C and 5D, in 



the case where the first rubber-bag pressure P^ is 
greater than the systolic blood pressure value BPgys- a 
notch of each of successive pulses of the brachial pulse 
wave is clearly detected. On the other hand, in the case 

5 where the first rubber-bag pressure P t is sufficiently 
smaller than the systolic blood pressure value BPgys- 
the notch cannot be detected, as shown in Figs. 5A and 
5B. it is speculated that the reason for this is such that 
the amplitude of each pulse of the brachial pulse wave 

io detected from the upstream side relative to the first rub- 
ber bag 62 with respect to the brachial artery increases 
when the first rubber bag 62 presses the brachial artery. 
In other words, since the blood flow in the brachial 
artery on the downstream side relative to the second 

r5 rubber bag 64 is limited by the first rubber bag 62, a pul- 
sation generated from the portion of the subject on 
which the second rubber bag 64 is worn increases. Spe- 
cifically, in the state in which the first rubber-bag pres- 
sure P n is greater than the systolic blood pressure value 

20 BP SY s. tne blood flow in the brachial artery is com- 
pletely stopped, whereby a notch of each pulse of the 
brachial pulse wave can be clearly detected. 
[0032] A pulse-wave propagation time (PWT) deter- 
mining means 128 determines a time difference DT 

25 (sec) (shown in Fig. 6) between a time when the rising 
point of the second heart sound il is detected by the 
phonocardiography transducer 16 and a time when the 
notch of the brachial pulse wave generated in synchro- 
nism with the detected second heart sound II is 

30 detected by the second pressure sensor 72 in the state 
in which the first rubber-bag pressure P n is held at the 
first target value P 1M and the second rubber-bag pres- 
sure P 2 is held at the second target value P 2M . 
[0033] A pulse-wave propagation velocity (PWV) 

35 determining means 130 determines a distance L (rn) 
between the heart of the subject and the portion of the 
subject on which the second rubber bag 64 is worn, 
based on the stature of the subject input through the 
input device 14, according to a predetermined relation- 

40 ship between distance and stature, determines a pulse- 
wave propagation velocity PWV (m/sec) by dividing the 
determined distance L by the time difference DT deter- 
mined by the PWT determining means 128, and dis- 
plays the determined PWV on the PWV display device 

45 42 of the display panel 36. 

[0034] Next, there will be described the operation of 
the arithmetic control circuit 90 of the PWPI obtaining 
apparatus 1 0 by reference to the flow chart of Fig. 7. 
[0035] At Step S1 of the Fig. 7, the CPU 1 00 judges 

so whether or not a stature of the subject is input through 
the input device 14. The CPU 100 waits at Step SI until 
the stature of the subject is input by a living subject 
(e.g., a patient) or an attendant. 

[0036] If a positive judgment is made at Step S1, 
55 the control of the CPU 100 goes to Step S2. At Step S2, 
the CPU 100 judges whether or not the start switch 30 
or 53 has been operated for starting the apparatus 1 0. 
To start the operation of the apparatus 1 0, it is needed 
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to operate the start switch 30, 53 by the attendant or 
one hand of the subject, in a state in which the other 
arm of the subject is inserted in the arm receiver 22 and 
the phonocardiography transducer 16 is worn on the 
skin of the chest of the subject with the one hand, the 
adhesive tape, or the like. Thus, at Step S2, the CPU 
1 00 judges whether or not the start switch 30 or 53 has 
been operated in a state in which a sensor (not shown) 
provided on an inner surface of the arm receiver 22 has 
identified that the upper arm 60 of the subject is 
inserted in the arm receiver 22 and that the heart-sound 
signal SH is supplied from the phonocardiography 
transducer 16. 

[0037] If a negative judgment is made at Step S2, 
the control of the CPU 100 waits at Step S2 until a pos- 
itive judgment is made at Step S2. If a positive judgment 
is made at Step S2, the control of the CPU 1 00 goes to 
Step S3 to start to quickly increase the first and second 
rubber-bag pressures P 1( P 2 , by respectively switching 
the first and second selector valves 68, 74 each to the 
inflation position, and operating the air pump 80. Step 
S3 corresponds to the first and second rubber-bag pres- 
sure control means 120, 122. 

[0038] Step S3 is followed by Step S4 to judge 
whether or not the second rubber-bag pressure P 2 is 
equal to or greater than the second target value P 2M 
(e.g., 50 to 60 mmHg). If a negative judgment is made 
at Step S4, the CPU 1 00 repeatedly carries out this step 
until a positive judgment is made, whereby the first and 
second rubber-bag pressures P 1( P 2 continue to 
increase. If a positive judgment is made at Step S4, the 
control of the CPU 100 goes to Step S5 to switch the 
second selector valve 74 to the pressure-hold position, 
so that the second rubber-bag pressure P 2 is held at the 
second target value P 2M . Step S4 corresponds to the 
pulse-wave detecting device 126, and Step S5 corre- 
sponds to the second rubber-bag pressure control 
means 122. 

[0039] Step S5 is followed by Step S6 to judge 
whether or not the first rubber-bag pressure P-j is equal 
to or greater than the first target value P^ (e.g., about 
1 80 mmHg). tf a negative judgment is made at Step S6, 
the CPU 1 00 repeatedly carries out this step until a pos- 
itive judgment is made, whereby the first rubber-bag 
pressure P 1 continues to increase. If a positive judg- 
ment is made at Step S6, the control of the CPU 100 
goes to Step S7. At Step S7, the CPU 1 00 switches the 
first selector valve 68 to the pressure-hold position, so 
that the first rubber-bag pressure is held at the first 
target value P 1M . Step S6 corresponds to the pulse- 
wave detecting device 126, and Step S7 corresponds to 
the first rubber-bag pressure control means 120. 
[0040] Step S7 is followed by Steps S8 and S9. At 
Step S8, the CPU 100 judges whether or not a rising 
point of the second heart sound II has been detected, 
based on the heart-sound signals SH successively sup- 
plied from the phonocardiography transducer 16. If a 
negative judgment is made at Step S8 f the CPU 100 



repeatedly carries out this step until a positive judgment 
is made. If a positive judgement is made at Step S8, the 
control of the CPU 100 goes to Step S9. At Step S9, the 
CPU 100 judges whether or not a notch of one pulse of 

5 the. brachial pulse wave has been detected, based on 
the second pulse-wave signal SM 2 supplied from the 
second band-pass filter 96. If a negative judgement is 
made at Step S9, the CPU 100 repeatedly carries out 
this step until a positive judgment is made. Steps S8 

w and S9 correspond to the pulse-wave detecting device 
126. 

[0041] On the other hand, if a positive judgment is 
made at Step S9, the control of the CPU 100 goes to 
Step S1 0. At Step S1 0, the CPU 1 00 determines a time 

15 difference, that is, pulse- wave propagation time DT, 
between a time when the rising point of the second 
heart sound II is detected at Step S8 and a time when 
the notch of the brachial pulse wave is detected at Step 
S9. Step S10 corresponds to the PWT determining 

20 means 120. Step S10 is followed by Step S1 1 . At Step 
S1 1 , the CPU 100 determines a distance L (m) between 
the heart of the subject and the portion of the subject on 
which the second rubber bag 64 is worn, based on the 
stature input at Step S1 , according to a predetermined 

25 relationship between distance and stature, and deter- 
mines a pulse-wave propagation velocity PWV by divid- 
ing the determined distance L by the pulse-wave 
propagation time DT determined at Step 10. Step S11 
corresponds to the PWV determining means 130. 

30 [0042] After the determination of the pulse-wave 
propagation velocity PWV, the control of the CPU 100 
goes to Step S1 2 to switch the second selector valve 74 
to the deflation position, so that the second rubber-bag 
pressure P 2 is decreased and eliminated. Step SI 2 cor- 

35 responds to the second rubber-bag pressure control 
means 122. 

[0043] Step S12 is followed by Step SI 3 to switch 
the first selector valve 68 to the slow-deflation position, 
so that the first rubber-bag pressure P 1 is slowly 
4o decreased at a rate of about 3 mmHg/sec. Step S13 
corresponds to the first rubber-bag pressure control 
means 120. Step S13 is followed by Steps S14 to S16. 
Steps S14 to S16 correspond to the BP determining 
device 124. 

45 [0044] At Step S1 4, the CPU 1 00 judges whether or 
not one pulse of a cuff pulse wave is detected, based on 
the first pulse-wave signals SM 1 successively supplied 
from the first band-pass filter 88. If a negative judgment 
is made at Step S14, the CPU 100 waits at Step 14 until 

so a positive judgment is made at Step S14. If a positive 
judgment is made at Step S14, the control of the CPU 
100 goes to Step S15 to carry out a blood-pressure 
determining routine. In this BP determining routine, a 
systolic and a diastolic blood pressure value BPsys. 

55 BP D | A , are determined, according to a well known oscil- 
lometry type blood pressure determining algorithm, 
based on the variation of respective amplitudes of 
pulses of the cuff pulse wave successively detected at 
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Step S14, while the first rubber-bag pressure P 1 is 
slowly decreased. 

[0045] Step S15 is followed by Step S16 to judge 
whether or not the BP determining routine has ended. In 
short, the CPU 100 judges whether or not the diastolic 
blood pressure value BP D(A of the subject has been 
determined. If a negative judgment is made at Step 
S16, the control of the CPU 100 repeats to Step S14 
and the following Steps until a positive judgment is 
made at Step SI 6. If a positive judgment is made at 
Step S1 6, the control of the CPU 1 00 goes to Step S1 7 
to switch the first selector valve 68 to the quick-deflation 
position, so that the first rubber-bag pressure P^ is 
quickly decreased and eliminated. Step S17 corre- 
sponds to the first rubber-bag pressure control means 
120. 

[0046] Step S17 is followed by Step S18. At Step 
S18, the CPU 100 displays, on the PWV display device 
42, the pulse-wave propagation velocity PWV deter- 
mined at Step S11, and displays, on the systolic and 
diastolic BP display devices 38, 40, the systolic and 
diastolic blood pressure values BP SY s> bp dia deter- 
mined at Step S16, respectively. Thus, the present rou- 
tine is ended. 

[0047] In the above described embodiment, the 
PWT determining means 128 (Step S10) determines, 
as the pulse-wave propagation time DT, a time differ- 
ence between the time when the second heart sound II 
generated in synchronism with the heart beat of the 
subject is detected by the phonocardiographic trans- 
ducer 16 and a time when the notch of the brachial 
pulse wave generated in synchronism with the heart 
beat is detected by the second rubber bag 64 in the 
state in which the brachial artery in the upper arm 60 is 
pressed by the first rubber bag 62. The second rubber 
bag 64 is worn on the portion of the upper arm 60 being 
on the upstream side relative to the first rubber bag 62 
with respect to the brachial artery and being in proximity 
to the first rubber bag 62. In the above mentioned state, 
the notch of the brachial pulse wave is clearly detected, 
whereby a time when the notch of the brachial pulse 
wave is detected can be accurately determined. Thus, 
this apparatus 10 can determine an accurate pulse- 
wave propagation time DT based on the accurate time 
when the notch is detected. 

[0048] In the above described embodiment, the 
PWPI obtaining apparatus 10 employs, as the pulse- 
wave detecting device, the brachial pulse-wave detect- 
ing device 99 including the second rubber bag 64 worn 
on the upper arm 60 of the subject for detecting the 
notch of each pulse of the brachial pulse wave; and, as 
the pressing device, the first rubber bag 62 worn on the 
upper arm 60 for determining the blood pressure of the 
subject The present apparatus 10 further employs the 
pressure control device 82 which changes the first rub- 
ber-bag pressure P^ and the BP determining device 124 
(Steps S1 4 - S1 6) which determines the blood pressure 
of the subject based on the signals successively 



detected while the first rubber-bag pressure P 1 is slowly 
changed by the pressure control device 82. Thus, the 
present apparatus 1 0 can determine the blood pressure 
BP of the subject in addition to the pulse-wave propaga- 
5 tion velocity PWV. , 

[0049] In the above described embodiment, the 
brachial pulse-wave detecting device 99 includes the 
second rubber bag 64 worn on the portion of the upper 
arm 60 being on the upstream side relative to the first 

w rubber bag 64 with respect to the brachial artery, and 
detects the brachial pulse wave based on the variation 
of the second rubber-bag pressure P 2 . The first and 
second rubber bags 62, 64 are accommodated in the 
outer bag 56 in the state in which the first and second 

is rubber bags are spaced form each other. Thus, since 
only the outer bag 56 and the phonocardiographic 
transducer 1 6 are worn on the subject for determining 
the pulse -wave propagation velocity PWV, the present 
apparatus 10 can easily determine the pulse-wave 

20 propagation velocity PWV 

[0050] In the above described embodiment, the 
PWT determining means 128 (Step S11) employs the 
notch of the brachial pulse wave detected in the state in 
which the first rubber-bag pressure Pj is greater than 

25 the systolic blood pressure BP SY s of the subject. In 
other words, the PWT determining means 128 deter- 
mines the pulse-wave propagation time DT based the 
notch of the brachial pulse wave detected from the sec- 
ond rubber bag 64 in the state in which the blood flow in 

30 the brachial artery on the downstream side relative to 
the second rubber bag 64 is completely stopped by the 
first rubber bag 62. In the state in which the blood flow 
in the artery on the downstream side relative to the sec- 
ond rubber bag 64 is completely stopped, the amplitude 

35 of the brachial pulse wave significantly increases. 
Therefore, the notch of each pulse of the brachial pulse 
wave can be accurately detected, whereby the time 
when the notch is detected can be accurately deter- 
mined. Thus, the pulse-wave propagation time DT 

40 determined based on the accurate time of the notch is 
detected enjoys high accuracy. 

[0051] In the above described embodiment, the ris- 
ing point of the second heart sound II and the notch of 
the brachial pulse wave are detected for determining the 

45 pulse- wave propagation time DT, when the first rubber- 
bag pressure P 1 is increased to the first target value 
P 1M for determining the blood pressure BP of the sub- 
ject. Thus, the present apparatus 10 can determine the 
blood pressure BP and pulse-wave propagation time DT 

so of the subject at one time. 

[0052] While the present invention has been - 
described in its preferred embodiment by reference to 
the drawings, it is to be understood that the invention 
may otherwise be embodied. 

55 [0053] While in the illustrated embodiment the bra- 
chial pulse- wave detecting device 99 worn on the upper 
arm 60 of the subject is employed as the pulse-wave 
detecting device for detecting the second signal, it is 
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possible to employ a femoral pulse-wave detecting 
device worn on a femoral region of the subject for 
detecting a pulse wave from a femoral artery, or a tibial 
pulse-wave detecting device worn on an ankle of the 
subject for detecting a pulse wave from an artery (e.g., 5 
a pretibial artery or a posttibial artery) present in the 
ankle. 

[0054] In the illustrated embodiment, the second 
heart sound II generated in synchronism with the heart 
beat of the subject is employed as the first signal and 10 
the notch of the brachial pulse wave detected in syn- 
chronism with the heart beat of the subject is employed 
as the second signal. In short, the first signal is detected 
on the upstream side relative to the portion of the sub- 
ject from which the second signal is detected with 15 
respect to an artery of the subject. However, the first 
signal may be detected on a downstream side relative to 
the portion of the subject from which the second signal 
is detected. In the latter case, the first signal detecting 
device is required to be worn on a portion of the subject 20 
being on a downstream side relative to the pulse-wave 
detecting device with respect to another or second 
artery of the subject because the downstream side rela- 
tive to the pulse-wave detecting device with respect to 
the first artery is pressed by the pressing device. For 25 
example, in the case where the notch of the brachial 
pulse wave detected by the brachial pulse-wave detect- 
ing device 99 is employed as the second signal and the 
pressing device is worn on the right upper arm 60 of the 
subject, the first signal detecting device may be worn on 30 
a portion of the left arm of the subject being on a down- 
stream side relative to a portion of the right upper arm 
on which the brachial pulse- wave detecting device 99 is 
worn such as a wrist and a finger, or an inferior limb 
(such as a femoral region or an ankle) of the subject. 35 
[0055] While in the illustrated embodiment both the 
pulse-wave propagation time DT and the blood pres- 
sure BP are determined, only the information relating to 
the propagation velocity of the pulse wave (the pulse- 
wave propagation time DT and/or the pulse- wave prop- 40 
agation velocity PWV determined based on the time 
DT) may be obtained. 

[0056] In the illustrated embodiment, for determin- 
ing the pulse-wave propagation time DT and the blood 
pressure BP at one time, the brachial pulse wave is 45 
detected in the state in which the first rubber-bag pres- 
sure P-j is equal to or greater than the first target value 
P 1M sufficiently greater than the systolic blood pressure 
value BP SY s- However, in the case where only the infor- 
mation relating to the propagation velocity of the pulse so 
wave such as the pulse-wave propagation time DT is 
determined, the first rubber-bag pressure Pj may be 
equal to or slightly greater than the systolic blood pres- 
sure value BP S ys of the subject, because the blood flow 
in the brachial artery is completely stopped with the 55 
pressure not smaller than the systolic blood pressure 
value BP S ys- ' n addition, in the case where the blood 
flow in the brachial artery is limited to some degree by 



the first rubber bag 62 worn on the portion of the subject 
being on the downstream side relative to the second 
rubber bag 64, the notch of the brachial pulse wave is 
clearly detected by the second rubber bag 64. There- 
fore, the second rubber-bag pressure P 2 may be set at 
a pressure value smaller than the systolic blood pres- 
sure value BP SY s, for example, the mean blood pres- 
sure value BP MEAN of the subject. 
[0057] In the illustrated embodiment, the first rubber 
bag 62 having the predetermine width needed for the 
blood pressure determining operation is employed as 
the pressing device. However, in the case where the 
blood pressure is not determined, the width of the first 
rubber bag 64 may be greater or smaller than the prede- 
termined width. Additionally, a belt or the like may be 
employed as the pressing device. 

[0058] In the illustrated embodiment, for determin- 
ing the pulse-wave propagation velocity PWV, the stat- 
ure of the subject is input in advance and the distance L 
between the heart of the subject and the portion of the 
subject on which the second rubber bag 64 is worn is 
determined based on the input stature. However, in the 
case where the condition of an arterial sclerosis or the 
effect of a hypotensive drug is monitored, only the time- 
wise change of the pulse-wave propagation velocity 
PWV may be obtained. Therefore, without inputting the 
stature of the subject, a predetermined value may be 
employed as the distance L. 

[0059] While in the illustrated embodiment the pho- 
nocardiographic transducer 1 6 is employed as the first 
signal detecting device and the second heart sound II 
detected by the phonocardiographic transducer 16 is 
employed as the first signal, a first heart sound I may be 
employed as the first signal. Further, an electrocardio- 
graphic waveform detecting device which detects an 
electrocardiographic waveform through a plurality of 
electrodes worn on the subject may be employed as the 
first signal detecting device, and one of a Q-wave, a R- 
wave, and a S-wave of the detected electrocardio- 
graphic waveform may be employed as the first signal. 
[0060] It is to be understood that the present inven- 
tion may be embodied with other changes, modifica- 
tions, and improvements that may occur to one skilled in 
the art without departing from the spirit and scope of the 
invention defined in the appended claims. 

Claims 

1. An apparatus for obtaining an information relating 
to a propagation velocity of a pulse wave which 
propagates through an artery of a living subject, 
comprising: 

a first signal detecting device (16) which is 
adapted to be worn on a first portion of the sub- 
ject and which detects a first signal generated 
from the first portion in synchronism with a 
heart beat of the subject; 
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a pulse-wave detecting device (99) which is 
adapted to be worn on a second portion of the 
subject and which detects, as a second signal, 
a notch of said pulse wave generated from the 
second portion in synchronism with said heart 5 
beat of the subject; 

a pressing device (62) which is adapted to be 
worn on a third portion of the subject to press 
the third portion, the third portion being on a 
downstream side relative to the second portion 10 
of the subject with respect to said artery and 
being in proximity to the second portion; and 
pulse-wave propagation time determining 
means (128) for determining, as said informa- 
tion, a time difference between a time when 15 
said first signal is detected by the first signal 
detecting device and a time when said notch of 
the pulse wave is detected by the pulse-wave 
detecting device in a state in which the third 
portion of the subject is pressed by the press- 20 
ing device. 

2. An apparatus according to claim 1, wherein said 
pulse-wave detecting device comprises a brachial 
pulse wave detecting device (1 26) which is adapted 25 
to be worn on an upper arm (60) of the subject and 
which detects a notch of a brachial pulse wave of 
the subject, and said pressing device comprises a 
first rubber bag (62) which is adapted to be worn on 

the upper arm of the subject for determining a blood 30 
pressure of the subject, the apparatus further com- 
prising: 

a pressure control device (68, 120) which 
changes a pressing pressure of the first rubber 35 
bag; and 

a blood pressure determining device (124) 
which determines said blood pressure of the , 
subject, based on signals successively 
detected while the pressing pressure of the first 40 
rubber bag is changed by the pressure control 
device. 

3. An apparatus according to claim 2, wherein said 
brachial pulse wave detecting device comprises a 45 
second rubber bag (64) for detecting said brachial 
pulse wave of the subject, the second rubber bag 
being adapted to be worn on an upstream side rel- 
ative to a portion of the upper arm on which the first 
rubber bag is worn, the apparatus further comprts- so 
ing an outer bag (56) in which the first and second 
rubber bags are accommodated in a state in which 
the first and second rubber bags are spaced from 
each other. 

55 

4. An apparatus according to claim 2 or 3, wherein 
said pulse-wave propagation time determining 
means determines said time difference between 
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said time when said first signal is detected and said 
time when said notch of the brachial pulse wave is 
detected by the brachial pulse wave detecting 
device in said state in which the upper arm is 
pressed by said first rubber bag with a pressing 
pressure greater than a reference value which is 
greater than a systolic blood pressure of the sub- 
ject, and wherein said blood pressure determining 
device determines, after detection of the first signal 
and the notch of the brachial pulse wave, said blood 
pressure of the subject, based on the signals suc- 
cessively detected while the pressing pressure of 
the first rubber bag is decreased by the pressure 
control device. 

5. An apparatus according to any one of claims 1 -4, 
wherein said pulse-wave propagation time deter- 
mining means determines said time difference 
between said time when said first signal is detected 
and said time when said notch of the pulse wave is 
detected in said state in which said third portion is 
pressed by said pressing device with a pressing 
pressure greater than a systolic blood pressure of 
the subject. J 

6. An apparatus according to any one of claims 1-5, 
wherein said first signal detecting device comprises 
a phonocardibgraphic transducer (16) which 
detects, as the first signal, one of a first and a sec- 
ond heart sound of the subject. 

7. An apparatus according to claim 6, wherein said 
phonocardiographic transducer has a switch (53) 
which is manually operable for starting the appara- 
tus. 

8. An apparatus according to any one of claims 1-7, 
further comprising a pulse-wave propagation veloc- 
ity determining means (130) for determining said 
propagation velocity of the pulse wave, by dividing a 
distance between a heart of the subject and the 
second portion of the subject by the time difference 
determined by said pulse-wave propagation time 
determining means. 

9. An apparatus according to claim 8, further compris- 
ing an input device (14) which is operable for input- 
ting a stature of the subject, wherein said pulse- 
wave propagation velocity determining means com- 
prises means for determining said distance 
between the heart of the subject and the second 
portion of the subject, based on said stature of the 
subject input through the input device, according to 
a predetermined relationship between distance and 
stature; and means for determining said propaga- 
tion velocity of the pulse wave by dividing the deter- 
mined distance by the time difference determined 
by said pulse-wave propagation time determining 
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